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ANTIHALATION/ACUTANCE SYSTEM FOR
PHOTOTHERMOGRAPHIC MATERIALS

FIELD OF THE INVENTION

The 1nvention relates to antihalation/acutance systems
used 1 methods of imaging a photographic medium, in
particular by exposure to a source of narrow band radiation.

BACKGROUND TO THE INVENTION

Poor resolution 1n 1maging materials may result from
unwanted exposure of areas immediately adjacent to
intended 1mage areas caused by the scattering of light at
interfaces within the material. To overcome this problem,
non-sensitizing absorbers are incorporated either within the
media (an acutance dye) or in a separate layer (an antiha-
lation layer).

In general, antihalation or acutance dyes are selected to
have an absorption spectrum which matches that of the
spectral response of the imaging media (see U.S. Pat. No.
4,581,325, EP-A-0 377 961 and U.S. Pat. No. 5,135,842).
This 1s the case when a broad band source i1s used, for
example, daylight, tungsten bulbs or xenon arcs, so that
reflected or scattered light of any wavelength that would be
capable of imaging the media may be absorbed.

In the case of narrow-band exposure devices, the situation
1s different. Devices such as lasers and light emitting diodes
(LEDs) typically emit radiation over a very narrow wave-
length range, for example a few nm, which 1s much narrower
than the spectral response of typical photosensitive media,
and 1t 1s 1nefficient, and may be counterproductive, to extend
antihalation and acutance absorptions over the entire sensi-
fivity range of the imaging media.

This 1s particularly relevant in the case of photothermo-
ographic materials, which do not have the benefit of a wet
processing step to wash out or chemically bleach antihala-
fion or acutance dyes once they have fuliilled their purpose.
To avoid contamination of the final image, any absorber
used for purposes of acutance or antihalation in photother-
mographic materials must either be substantially invisible to
the naked eye (as 1s possible in the case of infrared sensitive
materials), or must be bleachable under the thermal process-
ing conditions. The “invisible” approach 1s described in U.S.

Pat. No. 4,581,325 and EP-A-0 377 961, and the “bleach-
able” approach 1s disclosed in U.S. Pat. No. 5,135,842,

In practice, few dyes are genuinely mvisible, and bleach-
able systems may still leave some residual stain, or require
extended processing times to provide adequate bleaching,
and so there 1s a need to minimise the quantity of dye used,
consistent with acceptable image sharpness. Thus, for opti-
mum 1mage sharpness from exposure by narrow-band
sources, such as lasers, acutance and antihalation dyes with
intense, narrow absorption bands matching the output of the
laser have been selected. These systems have not proved to
be 1deal, and resolution of the final 1mage could be
improved.

Non-sensitizing dyes are also used for the improvement of
colour separation in multilayer photographic systems where
the layers are sensitized to different wavelengths.

A typical colour negative film, for example, contains
blue-, green-, and red-sensitive layers, with the blue-
sensifive layer outermost and the red-sensitive layer nearest
the base. Immediately below the blue-sensitive layer, there
1s usually provided a yellow filter which absorbs any blue
light passing through the outermost layer, and transmits light
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of other wavelengths. This not only provides an antihalation
ciiect for the outer layer, but also prevents unwanted expo-
sure of the 1nner layers by blue light since photographic
emulsions are inherently sensitive to blue light. Stmilarly, a
magenta filter 1s positioned below the green layer to provide
antihalation for that layer and to prevent unwanted exposure
of the red layer.

False colour address materials typically comprise two or
more photosensitive layers sensitized to different parts of the
infrared (and/or visible) and are designed for exposure by
two or more independently modulated sources such as lasers
or LEDS. Cross-talk between layers 1s minimized by {ilters
or by controlling the speed of each layer relative to the
others (and adjusting the intensity of each source
accordingly) or by a combination of these methods, see

EP-A-0 479 167 and EP-A-0 502 508.

Dyes are selected for colour separation purposes to match
as closely as possible the absorption spectrum of the dye to
the spectral response of the layer immediately above it. It
has been considered important to minimize absorption at
longer wavelengths to avoid desensitizing lower layers.

BRIEF SUMMARY OF THE INVENTION

In a first aspect of the invention, there 1s provided a
method of imaging a photothermographic material compris-
ing exposing said material comprising a photothermo-
oraphic medium to a source of narrow band radiation, said
material comprising one or more non-sensitising acutance or
antihalation dyes associated with said medium providing an
absorption maximum (Amax) within 10 nm of the wave-
length of maximum output of the narrow band source and an
optical density of at least 0.05 at a wavelength (Amax+50)
nm.

In a second aspect of the mvention, there 1s provided a
photothermographic material comprising at least one pho-
tothermographic medium associated with two or more non-
sensitizing antihalation or acutance dyes for that photother-
mographic medium, said dyes having absorption maxima at
different wavelengths such that the difference in wavelength
between the maxima of longest and shortest wavelength 1s at
least 20 nm, usually at least 30 nm, preferably at least 50 nm,
the wavelength of maximum absorbance of at least one of
said dyes being greater than the wavelength of maximum
sensitivity of said photothermographic medium.

The term non-sensitising dyes 1s used to describe those
dyes which do not extend the spectral sensitivity of the
medium because of 1ts presence in the element.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred exposure source 1s a laser diode with an
output 1n the range 700—900 nm, more preferably 750850
nm. For best results, the output of the source should be at or
near the sensitivity maximum of the media (e.g. within 50
nm thereof).

The dyes must be capable of providing an acutance or
antihalation effect towards the photothermographic medium,
and hence may be present 1n the same layer as the photo-
thermographic medium, 1n an adjacent layer, or in a non-
adjacent layer, providing only transparent, non-light-
sensitive layer(s) intervene. For example, the dyes and the
photothermographic medium may be coated on opposite
sides of a transparent base.

Preferably, the media are of the dry silver type comprising
a light-insensitive organic silver salt oxidising agent 1n
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reactive association with a light-sensitive silver halide cata-
lyst and a reducing agent.

The wavelength of maximum sensitivity of the media may
lie anywhere 1n the visible or near infrared region of the
spectrum, but 1s preferably >600 nm, more preferably =700
nm, and most preferably around 800 nm.

The photothermographic media of the mmvention have at
least two antihalation or acutance dyes which contribute
significant absorbance (at least 0.05, preferably at least 0.1
OD) at wavelengths substantially in excess (e.g., by 50 nm
or more) of the wavelength of intended exposure. This extra
absorbance 1s found to provide significant improvements 1n
image sharpness.

It 1s believed that part of the radiation absorbed by the
sensitizing dye(s), acutance dye(s) and antihalation dye(s) in
the media 1s re-emitted at longer wavelengths 1n the form of
luminescence (i.e., fluorescence or phosphorescence). Dry
silver materials may be particularly prone to luminescence
because a considerable proportion of the sensitizing dye
remains “free” (i.e., 1s not adsorbed on the surface of the
silver halide grains), and hence is more likely to fluoresce.

Typical photothermographic (and especially IR-sensitized
photothermographic) media exhibit a fairly flat spectral
response (i.c., although maximum sensitivity i1s at W nm,
there will be significant sensitivity at W+50 or even W+100
nm), and so the luminescence is capable of generating
“secondary” 1image density, some of which will be 1n areas
adjacent to the intended 1mage areas, leading to loss of
sharpness. By providing additional antihalation and acu-

tance absorptions at longer wavelengths, the present inven-
fion minimizes the effect of luminescence.

The antihalation dye(s) must provide a strong absorption
(e.g., an OD of 0.3 or more) at the exposing wavelength in
order to absorb radiation that 1s scattered or reflected within
the media, as 1s the case with conventional materials.
Preferably, the dye(s) do not provide an OD of more than 1.0
at the exposing wavelength. In addition to this, in the
practice of the present invention, the dye(s) must provide an
optical density of at least 0.05 at wavelengths at least 50 nm
oreater than the exposing wavelength. When there are two or
more dyes present the shortest wavelength of maximum
absorbance of the dyes 1s preferably within 20 nm, more
preferably 10 nm of the wavelength of maximum sensitivity
of the photothermographic medium.

While there 1s no particular upper limit to the optical
density at wavelengths 50 nm greater than the exposing
wavelength, 1 practice there 1s little or no benefit to be
cgained from said optical density being greater than about
50% of the optical density at the exposing wavelength.

This absorption profile 1s most readily provided by choos-
ing a first dye with absorption maximum matched to the
exposing radiation, and adding appropriate amounts of one
or more additional dyes with absorption maxima at longer
wavelengths, €.g., by at least 20 nm. Alternatively, a single
dye may be used provided it has the appropriate absorption
proiile. Since most of the known IR dyes have absorption
spectra which are the opposite of what is required (i.e., they
fall off steeply at longer wavelengths, but decline more
gradually towards the visible), the use of two or more dyes
1s preferred. In the preferred infrared-sensitive photother-
mographic embodiments, the “extra” absorption may pro-
vide very little visible coloration, and hence not have to be

bleachable.
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Apart from 1mprovements 1n 1mage sharpness, the inven-
fion may provide improved colour separation in multilayer,
multicolour photothermographic constructions, especially
false-colour addressed materials. As discussed above, 1n
multilayer systems a filter may be required to absorb light
intended for the upper layer(s) to prevent it causing spurious
image density in the bottom layer. However, if the dyes used
for these purposes luminesce, with the re-emitted radiation
being shifted to longer wavelengths, there 1s a greater
likelihood of unwanted exposure of the bottom layer and so
colour separation 1s degraded. By using one or more dyes
providing an absorption maximum at the wavelength of
exposure of the upper layer and an absorption of at least 0.05
OD at a wavelength 50 nm greater than this, in accordance
with the present mvention, the problem 1s alleviated.

There 1s no particular restriction on the structures of the
dyes mvolved, provided they have the appropriate absorp-
tion profiles and are sufficiently stable under normal storage
conditions of the media. Where two or more dyes are used,
the dye of shortest wavelength absorption maximum prei-
erably has a sharp absorption peak, matching the output of
the exposure source, while the dye(s) of longer wavelength
absorption maxima have broader, less intense absorption
spectra. Any of the conventional dye classes may be used,
such as cyanine, merocyanine, polymethine or squarylium.
“Rigidized” derivatives (e.g., having bridging groups on the
polymethine chain) are preferred where a sharp absorption
peak 1s desired.

The dyes may be used in exactly the same way as
conventional antihalation and acutance dyes, 1.¢., they may
be dispersed within the light-sensitive media, coated as an
underlayer, coated on the backside of the base or coated as
a top layer, or they may be present 1n more than one of these
locations. It 1s not necessary for all the dyes to be present in
the same layer.

The methods and materials of the imnvention may be used
with essentially any photothermographic medium, but are
particularly suited to infrared-sensitive photothermographic
materials, including both black and white materials (as
described, for example, in UK Patent Appln. No. 9305324.7)
and colour materials (as described, for example, in EP-A-

0479167, EP-A-0502508, and U.S. Pat. No. 4,619,892).

The mvention 1s hereinafter described in more detail by
way ol example only with reference to the accompanying
figures 1n which:

FIG. 1 shows the absorption spectrum of the reference

film.

FIG. 2 shows microdensitometer plots for the reference
material for various points along a 10 step wedge image (790
nm) exXposure.

FIGS. 3-7 show microdensitometer plots for the test
materials of examples 2—6 respectively and the reference
material.

FIG. 8 shows the absorption spectrum of the dye mixture
used 1 Example 3.

The following dyes were used for antihalation tests; with
absorption maxima (in coated layers) as indicated:
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All tests were carried out on photothermographic media
sensitised to the 790 nm region, prepared by a method
similar to that described 1n Example 5 of UK Patent Appli-
cation No. 9305324.7, filed Mar. 16, 1993. The reference
(control) material had a coating of Dye (1) on the reverse
side of the transparent base for antihalation purposes 6V
(sufficient to provide a total transmission OD of 1.13 at 797
nm). FIG. 1 shows the absorption spectrum of this film
referenced against air.

Test materials were prepared by coating further antihala-
tion layers on the reverse side of the reference material, with 65
or without prior removal of the existing backcoat, or on top
of the media, or both, as described below.

Test exposures were carried out through narrow cut filters
(790 and 810 nm) with rigorous exclusion of stray light of
other wavelengths. Processing was carried out at 121° C. for
25 seconds.

Procedure for Image Quality Testing

A 10-step density wedge was used as the contact target
(10 cmx0.4 cm), and the exposure time for each sample was
adjusted to give the same eflective exposure up the step
wedge. The DlogE curves obtained via exposure through a
standard 0—4 continuous wedge were used as references for
the exposure control. The reference material was given 400
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seconds exposure through the 790 nm filter and 400 seconds
through the 810 nm f{ilter, and exposure times for the other
coatings were adjusted accordingly.

After processing, the antihalation layer(s) were removed
and the 1mage scanned widthwise with a scanning microden-
sitometer 1n order to examine edge-spread effects. This
provided plots of optical density vs. distance 1n which the
steepness of the curve reflected the sharpness of the 1image.

EXAMPLE 1 (CONTROL)

FIG. 2 shows microdensitometer plots for the reference
material at various points along the 10-step wedge 1mage
(790 nm exposure). The image quality clearly declines at
higher densities, indicating that halation 1s occurring, despite
the presence of an antihalation dye matching the exposure
wavelength.

EXAMPLE 2

Cellulose acetate butyrate (CAB553.0.4, Eastman Kodak)
(45 g) was dissolved in acetone (300 ml) and to 20 g of this
solution was added 0.015 g Dye(2). The resulting solution
was coated on the back side of the reference material at 100
microns wet thickness and allowed to dry. The image quality
of the resulting test material was evaluated as described
above (790 nm exposure), and FIG. 3 shows the microden-
sitometer traces (expanded distance scale) for the test mate-
rial (curve A) and the reference material at the equivalent
exposure (curve B). The presence of the additional antiha-
lation dye clearly improves the 1image quality.

EXAMPLE 3

Asstock solution of PVOH (polyvinylalcohol, MW 12500)
was prepared by dissolving 10 ¢ 1n 100 ml water. To 20 g of
this solution was added Dye (1) (0.008 g) and Dye (2) (0.015
g) and the mixture coated on the back side of the reference
material (100 micron wet thickness), after first removing the
existing antihalation layer. (This was achieved by soaking
the layer 1n acetone and peeling 1t away with the aid of
adhesive tape, then further washing the polyester surface
with acetone to remove any residual dye.) FIG. 4 shows the
microdensitometer trace for this material (curve A) and the
reference material (curve B), both exposed at 810 nm. Once
again, the test material comprising an additional dye gave a
sharper 1image.

EXAMPLE 4

A test material was prepared as in Example 3, but reduc-
ing the quantity of Dye (1) to 0.006 g. This provided a dye
density of 0.7 at 790 nm, which 1s significantly lower than
the corresponding figure for the reference material (1.13).
Nevertheless, the test material provided the sharper image
on exposure at 790 nm, as shown by the microdensitometer
traces 1n FIG. §, once again demonstrating the beneficial
ciiect of the additional longer wavelength dye.

EXAMPLE 5

Dye (3) (0.006 g) was dissolved in 20 g PVOH stock
solution and coated on top of the photosensitive layer of the
reference material (50 microns wet thickness), leaving the
existing antihalation backcoat 1n place. A similar coating of
PVOH alone was made to provide a control material. FIG.
6 shows the microdensitometer traces obtained for exposure
of these samples at 810 nm, and the test material clearly gave
the sharper 1mage.

EXAMPLE 6

Example 5 was repeated, substituting Dye (1) (0.005 g)
for Dye (3), providing a test material with Dye (1) coated on
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3

both sides, with no other antihalation dye present. When
tested for image quality (810 nm exposure), it was found to
be significantly worse than the reference material, as shown
in FIG. 7. This 1s consistent with the theory that lumines-
cence of Dye (1) causes halation.
What 1s claimed 1s:
1. A method of 1maging comprising:
providing a photothermographic material having at least
one photothermographic medium and exposing said
material to a source of narrow band radiation having a
wavelength of maximum output,
wherein said material comprises one or more non-
sensifizing acutance or antihalation dyes associated
with said photothermographic medium said one or
more dyes providing an absorption maximum (Amax)
within 10 nm of the wavelength of maximum output of
said narrow band source and an optical density of at
least 0.05 at a wavelength (Amax+50) nm.
2. A method according to claim 1 wherein said source of

narrow band radiation 1s a laser diode with an output in the
range of 700-900 nm.

3. A method according to claim 1 wherein said photo-
thermographic medium comprises a light insensitive organic
silver salt oxidising agent 1n reactive association with a
light-sensitive silver halide catalyst and a reducing agent.

4. A method according to claim 3 wherein the maximum
sensitivity of the medium 1s greater than 700 nm.

5. A method according to claim 1 whereimn said antihala-
tion or acutance dyes provide an optical density of 0.1 at said
wavelength (Amax+50) nm.

6. A method according to claim 3 wherein said photo-
thermographic medium 1s associated with two or more
antihalation or acutance dyes, the wavelength of maximum
absorbance of at least one of said dyes being greater than the
wavelength of maximum sensitivity of said photothermo-
graphic medium.

7. Amethod according to claim 1 wherein said dye or dyes
are members selected from the group consisting of cyanine,
merocyanine, polymethine and squarylium dyes.

8. A method according to claim 7 wherein said dye(s) is
a rigidised derivative.

9. A method according to claim 1 wherein said acutance
or antihalation dye(s) provide an optical density of at least
0.3 but no more than 1.0 at the wavelength of maximum
output.

10. A method according to claim 6 wherein the wave-
length of the absorption maximum of one of said dyes 1s at
least 20 nm longer than the wavelength of maximum absorp-
tion of the other of said dyes.

11. The method of claim 1 wherein said one or more dyes
provide an optical density of at least 0.10 at a wavelength
(Amax+50) nm.

12. The method of claim 1 wherein said one or more dyes
provide an optical density of at least 0.10 at a wavelength
(Amax+50) nm.

13. A photothermographic material comprising a photo-
thermographic medium associated with two or more non-
sensitizing antihalation or acutance dyes for that medium,
sald dyes having absorption maxima at different wave-
lengths such that the difference in wavelength between the
maxima of longest and shortest wavelength 1s at least 20 nm,
the wavelength of maximum absorbance of at least one of
said dyes being greater than the wavelength of maximum
sensitivity of said photothermographic medium.

14. A photothermographic material according to claim 13
wherein the wavelength of maximum absorbance of one of
said dyes 1s at least 50 nm longer than the wavelength of
maximum absorbance of the other of said dyes.
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15. A photothermographic material according to claim 13
wherein the shortest wavelength of maximum absorbance of
said dyes 1s within 20 nm of the wavelength of maximum
sensitivity of said photothermographic medium.

16. A photothermographic material according to claim 13
wherein said dye having the shorter wavelength of maxi-
mum absorbance has a sharp absorption peak and said dye
having longer wavelength of maximum absorbance has a
broader absorption spectrum.

17. A photothermographic material according to claim 13
wherein said dyes are members selected from the group
consisting of cyanine, merocyanine, polymethine and
squarylium.

18. A photothermographic material according to claim 17
wherein said dye having the shorter wavelength of maxi-
mum absorbance comprises a rigidized derivative having
bridging eroups on the polymethine chain.

19. A photothermographic material comprising a photo-
thermographic medium associated with two or more non-
sensifizing anftihalation or acutance dyes for that medium,
saild dyes having absorption maxima at different wave-
lengths such that the difference in wavelength between the
maxima of longest and shortest wavelength 1s at least 20 nm,
the wavelength of maximum absorbence of at least one of
said dyes being greater than the wavelength of maximum
sensitivity of said photothermographic medium, said two or
more dyes providing an absorption maximum (».max) within
10 nm of the wavelength of maximum output of said narrow
band source and an optical density of at least 0.05 at a
wavelength (Amax+50) nm.

20. A photothermographic material according to claim 19
wherein the shortest wavelength of maximum absorbence of
said two or more dyes 1s within 20 nm of the wavelength of
maximum sensitivity of said photothermographic medium.

21. A method of 1maging comprising:

providing a photothermographic material having at least
one photothermographic medium having at least one
dye selected from the group consisting of spectral
sensitizing dyes, acutance dyes, and antihalation dyes
which absorb radiation at a first wavelength and re-emit
radiation at a longer wavelength,
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exposing said material to a source of narrow band radia-
tion having a wavelength of maximum output,

wherein said material comprises one or more non-
sensitizing acutance or antihalation dyes associated
with said photothermographic medium which provide
an optical density of from 0.3 to 1.0 at said wavelength
of maximum output, said one or more dyes providing,
an absorption maximum (Amax) within 10 nm of the
wavelength of maximum output of said narrow band
source and an optical density of at least 0.05 at a

wavelength (Amax+50) nm.
22. A method of imaging comprising:

providing a photothermographic material having at least
one photothermographic medium having at least one
dye selected from the group consisting of spectral
sensitizing dyes, acutance dyes, and antihalation dyes
which absorb radiation at a first wavelength and re-emit
radiation at a longer wavelength,

exposing said material to a source of narrow band radia-
tion having a wavelength of maximum output,

wherein said material comprises one or more non-
sensifizing acutance or antihalation dyes associated
with said photothermographic medium which provide
properties of a) an optical density of from 0.3 to 1.0 at
said wavelength of maximum output, and b) said one or
more dyes providing an absorption maximum (Amax)
within 10 nm of the wavelength of maximum output of
said narrow band source and an optical density of at
least 0.05 at a wavelength (Amax+50) nm.

23. The method of claim 22 wherein said one or more
dyes providing an absorption maximum (’max) within 10
nm of the wavelength of maximum output of said narrow
band source and an optical density of at least 0.05 at a
wavelength (Amax+50) nm comprises at least two dyes
which together provide said properties.

24. The method of claim 23 wheremn said one or more
dyes provide an optical density of at least 0.10 at a wave-
length (A max+50) nm.
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